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The  quality  of  life  and  safeness  of  the  present  and  future  generations  are  strongly  intertwined  with  the 
availability  of  energy  sources  and  the  sustainability  of  the  energy  infrastructure.  Energy  consumption  in 
developed  countries  grows  at  a  rate  of  approximately  1%  per  year,  and  that  of  developing  countries,  5% 
per  year  (Muneer  et  al.,  2005  [  1  ]).  Present  reserves  of  oil  and  natural  gas  can  only  cover  consumption  at 
this  rate  for  the  next  50  years  in  the  case  of  oil,  and  for  the  next  70  years  in  the  case  of  natural  gas. 
Therefore,  one  of  the  fundamental  priorities  for  a  country  such  as  Algeria  is  to  use  several  renewable 
energies  (RE)  sources  and  environmentally  friendly  energy  conversion  technologies.  Algeria  is  endowed 
with  large  reserves  of  energy  sources,  mainly  hydrocarbons  and  a  considerable  potential  for  the 
utilisation  of  RE  sources  especially  with  respect  to  solar  energy.  Algeria  has  the  potential  to  be  one  of 
the  major  contributors  in  solar  energy  and  become  a  role  model  to  other  countries  in  the  world.  RE  are 
now  one  of  the  major  elements  of  Algeria's  energy  policy  and  in  view  of  boosting  the  national  effort  in 
terms  of  RE  beyond  2011,  Algeria  has  developed  a  national  programme  for  the  period  2011-2030  to 
promote  concrete  actions  in  the  fields  of  energy  efficiency  and  RE  in  line  with  the  approach  adopted  by 
the  government  on  February  3,  2011.  Besides,  it  confirms  Algerian’s  ambition  to  become  an  international 
hub  for  industrial  and  energy  production  and  exportation  in  the  solar  sector.  With  this  in  mind,  along 
with  the  environmental  responsibility  issues,  public  awareness  gradually  increased  over  the  last  seven 
years  and  alternative  energy  resources  have  become  a  new  area  of  interest.  As  a  tangible  target,  the 
Ministry  of  Energy  and  Mines  (MEM)  strategic  plan  aims  to  reach  a  40%  share  of  RE  (mainly  solar)  in 
electric  energy  production  by  2030.  The  various  future  projects  are  all  factors  that  will  undoubtedly  give 
Algeria  an  important  role  in  the  implementation  of  RE  technology  in  North  Africa,  the  capacity  for 
providing  sustainable  supply  of  cost-effective  electricity  from  RE  sources  for  the  needs  of  the  population, 
and  the  possibility  of  even  exporting  1 0,000  MW  to  neighbouring  and  European  market.  This  paper 
provides  a  detailed  analysis  of  the  existing  renewable  energy  sector  and  a  forecast  for  demand  growth, 
additional  capacity,  investment  requirements  and  Algeria’s  ambitious  objectives  of  use  of  RE  and 
environment  protection.  The  paper  also  discusses  the  current  energy  scenario  and  explores  the 
alternative  energy  like  solar  and  wind  to  ensure  energy  security  supply,  reliability,  greater  efficiency  in 
energy  conversion,  transmission  and  utilisation.  Particular  attention  is  paid  to  Algeria’s  global  and 
sustainable  solutions  of  the  environmental  challenges  and  the  problems  of  conservation  of  fossil  energy 
resources  under  the  clean  development  mechanism  (CDM)  structure.  The  report  also  provides  a  detailed 
analysis  of  the  existing  renewable  energy  sector  and  a  forecast  for  demand  growth,  additional  capacity, 
and  investment  requirements 
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1.  Introduction 

Energy  resources  are  not  evenly  distributed  across  the  globe 
and  the  global  energy  consumption  is  likely  to  grow  faster  than 
the  increase  in  the  population  [1],  The  world  will  continue  to 
depend  on  fossil  fuels  since  over  80%  of  world’s  primary  energy 
comes  from  fossil  fuels  which  have  detrimental  impacts  on  the 
environment  and  produce  the  heat  trapping  green  house  gases 
(GHG)  carbon  dioxide  as  the  products  of  combustion  and  methane 
as  an  inadvertent  product  of  drilling,  mining  and  transporting 
those  fuels.  The  fuel  consumption  was  growing  from  6630  million 
tons  of  oil  equivalent  (Mtoe)  in  1980  to  almost  double  of  the 
energy  consumption  which  had  reach  11,295  Mtoe  in  2008  [2]. 
World  total  energy  supply  in  2000  and  2009  is  also  estimated  and 
shown  in  Table  1  [3]. 

According  to  the  estimation  done  by  the  International  Energy 
Agency  (IEA),  a  53%  increase  in  global  energy  consumption  is 
foreseen  by  2030,  energy  security  is  becoming  a  serious  issue  as 
fossil  fuels  are  non-RE  and  will  deplete  eventually  in  near  future. 
In  addition,  the  world’s  oil  resources  will  peak  within  a  few 
decades  to  come  (80  years  at  the  most),  and  in  the  search  for 
other  sustainable  alternatives  to  mitigate  some  political,  eco¬ 
nomic  and  environmental  currently  associated  with  the  heavy 
reliance  on  fossil  fuel,  it  is  inevitable  that  the  world  is  heading 
towards  RE  and  new  energy  (hydrogen)  economy  by  promoting 
clean  energy  technologies,  pursuing  energy  efficiency  and  devel¬ 
oping  RE  forms  which  are  three  orders  of  magnitude  larger  than 
current  global  energy  use.  Algeria  is  enjoying  enormous  potential 
of  RE  namely  solar,  wind,  geothermal  and  biomass  and  hoping  to 
increase  its  RE  status  by  generating  as  much  electricity  from 
green  sources  as  it  currently  produces  from  its  natural  gas  power 
plants  by  2020.  Algeria  has  large  potential  for  solar  electricity 
production  since  it  is  located  in  the  so-called  Sunbelt  (Fig.  1)  [4]. 


Table  1 

World  total  energy  supply  in  2000  and  2009. 


Source 

Energy  class  (%) 

2000 

2009 

Fossil  Fuels 

80 

66 

Renewables 

13 

26 

Nuclear 

7 

8 

The  government  is  planning  to  start  a  new  RE  development 
plan  [5],  according  to  Algeria’s  Energy  Minister  Youcef  Yousfi  who 
said,  “It’s  a  huge  program  and  a  huge  challenge.  The  government 
will  work  alongside  and  assist  operators  in  its  implementation”. 

Although  Algeria  has  begun  a  few  initiatives  to  promote 
sustainable  energy,  generating  as  much  energy  from  RE  as  its 
current  production  of  natural  gas  is  a  pipedream,  some  specific 
factors  place  Algeria  in  a  perfect  position  to  take  a  leading  role  as 
a  European  energy  supplier  and  future  provider  of  clean  energy. 
The  population  distribution  in  Algeria  also  shows  that  there  is  a 
great  potential  market  for  RE,  among  which  solar  energy  should 
be  highlighted  because  of  its  homogeneous  presence  throughout 
the  entire  region  [6]. 

Moreover,  economic  development  and  diversification,  population 
growth,  the  huge  hydrocarbon  endowment,  the  vast  potential  for 
solar  energy  could  also  drive  the  development  and  implementation 
of  a  regional  vision  for  hydrogen  economy. 


2.  Algeria’s  energy  sector  overview 

Its  large  oil  and  gas  reserves  as  well  as  its  mere  size  of 
2,381,741  km2  and  34.8  million  inhabitants  (14.5  inhabitant/ 
km2)  make  Algeria  an  important  player  in  northern  Africa  as  well 
as  on  international  level.  Algeria  is  one  of  the  top  10  economies  in 
Africa  and  plays  a  central  role  in  the  energy  world,  as  it  is  a  major 
producer  and  exporter  of  oil  and  natural  gas.  The  country  is 
working  on  its  own  and  with  several  major  oil  companies  (BP, 
Anadarko  Petroleum,  and  Talisman  Energy)  [7].  Algeria  sits  on 
12.2  billion  barrels  of  proved  oil  reserves,  and  4.51  trillion  cubic 
metres  on  its  proven  natural  gas  (NG)  reserves,  according  to  the 
Oil  and  Gas  Journal  [8],  In  addition  as  hydrocarbons  producer, 
Algeria  is  also  enjoying  enormous  potential  of  RE  namely  solar, 
wind,  geothermal  and  biomass.  High  population  growth,  rapid 
urbanisation  and  accelerated  development  present  major  chal¬ 
lenges  in  the  struggle  to  meet  increasing  electricity  and  domestic 
water  demands  (water  scarcity  and  dependence  on  underground 
and  non  conventional  sources  of  water  such  as  desalination).  The 
coupling  of  RE  and  desalination  systems,  for  example,  holds  great 
promise  for  increasing  water  supply  in  the  region  [9,10]. 

In  2008,  Algeria  produced  approximately  1.4  million  barrels 
per  day  (mbl/d)  of  crude  oil,  of  which  85%  was  exported,  and  86.5 
billion  cubic  metres  (bcm)  of  natural  gas,  of  which  70%  was 
exported,  mostly  to  Europe  [11].  In  2009,  sixteen  oil  and  gas 
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Fig.  1.  Solar  suitable  sites  in  the  world,  Algeria  situated  in  the  solar  belt  of  the  middle  of  the  world. 


discoveries  were  made  in  the  country  and  during  that  year, 
Algeria’s  oil  production  totalled  2.13  mbl/d  of  oil  liquids,  consist¬ 
ing  of  1.33  mbl/d  of  crude  oil,  457,000  barrels  per  day  of 
condensate  and  345,000  barrels  per  day  of  NG  liquids  [12].  The 
country’s  three  major  basins  are  the  Hassi  Messaoud,  Berkine  and 
Hassi  R’mel  basins.  Algeria  is  the  fourth  largest  crude  producer  in 
Africa  [13]  and  the  sixth  largest  natural  gas  producer  in  the  world 
(after  Russia,  the  United  States,  Canada,  Iran  and  Norway).  NG  has 
become  an  increasingly  valuable  resource  and  a  global  commod¬ 
ity.  Estimates  of  NG  reserves  in  Algeria  vary  quite  dramatically 
depending  on  the  source.  Sonatrach,  in  2004  estimates  Algerian 
reserves  at  4.52  x  1012  m3,  which  implies  a  lifetime  of  62.2  years, 
compared  with  an  expected  61.9  years  globally  [14]. 

Oil  and  gas  export  revenues  account  for  more  than  95%  of 
Algeria’s  total  export  revenues,  around  70%  of  total  fiscal  reven¬ 
ues,  and  40%  of  gross  domestic  product  (GDP). 

Compared  to  other  developing  countries  with  a  similar  GDP, 
Algeria’s  energy  consumption  is  high:  1.2  t  of  oil  equivalent  (toe) 
and  1000  kWh/year  of  electricity  per  capita.  However,  these  figures 
include  self-consumption  and  losses  in  the  energy  sector  due  to 
liquefied  NG  (LNG)  exports.  In  2008,  Algeria  was  the  world’s 
fourth-largest  supplier  of  LNG,  delivering  10%  of  the  gas  consumed 
by  Europe.  The  share  of  oil  in  the  country’s  overall  consumption  fell 
from  40%  in  1990  to  34%  in  2007;  the  share  of  gas  increased  from 
57%  to  64%.  In  industry,  gas  accounts  for  nearly  53%  of  final 
consumption.  Gas  consumption  also  increased  substantially  in 
the  residential  sector,  and  in  2007  accounted  for  46%  of  final 
energy  consumption.  Not  much  changed  in  2009,  according  to 
Market  Research  [15],  the  dominant  fuel  in  2009  was  NG, 


accounting  for  an  estimated  61.7%  of  the  primary  energy  demand. 
This  was  followed  by  oil  at  36.2%,  and  coal  at  1.8%.  The  country  is 
connected  to  Europe  through  two  gas  pipelines,  to  Italy  via  Tunisia, 
and  to  Spain  via  Morocco.  Three  additional  pipelines  are  in 
development:  Medgaz,  linking  directly  Algeria  to  Spain,  Galsi,  from 
Algeria  to  Sardinia  and  the  Italian  mainland,  and  Trans-Saharan, 
from  Nigeria  to  Algeria.  This  pipeline  would  make  it  possible  for 
Nigeria  to  export  part  of  its  production  to  Europe  through  Algeria. 
Algeria  also  has  four  LNG  plants,  with  a  fifth  one  in  development 
(LNG  accounts  for  one-third  of  Algeria’s  gas  exports)  [16,17].  The 
hydrocarbon  sector  is  dominated  by  Sonatrach,  a  state-owned 
company,  whose  objective  is  to  increase  the  gas  export  capacity 
form  the  current  65  bcm  per  year,  to  85  bcm  per  year  around 
2010-2012,  and  100  bcm  per  year  by  2015  [12,15,17,18].  More¬ 
over,  Algeria’s  oil  and  gas  revenues  have  already  increased  by  a 
quarter  above  2009  levels,  hitting  $55.7bn  in  2010;  but  this  was  on 
a  reduced  volume  of  fossil  fuel  exports.  The  country’s  government 
is  now  hoping  to  generate  revenue  from  the  export  of  alternative 
energy  according  to  Minister  Yousfi  of  MEM  [19]. 

The  electricity  market  in  Algeria  is  very  important  with  a 
growth  rate  exceeding  6%  [6[.  Sonelgaz  is  the  state-owned 
electricity  and  downstream  gas  utility.  Total  installed  power 
generation  capacity  amounts  to  10  GW,  approximately  50%  of 
which  are  open  cycle  gas  turbines,  12%  combined  cycle  gas 
turbines,  35%  conventional  steam  turbines  and  3%  hydraulic.  Over 
98%  of  the  electricity  production  is  based  on  natural  gas,  the 
balance  originating  from  fuel  oil/diesel  and  hydropower.  Electri¬ 
city  prices  are  low  in  Algeria,  especially  for  residential  customers, 
mainly  due  to  low  internal  prices  for  natural  gas:  around  6 
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USc/kWh  for  residential  customers  and  a  little  over  3  USc/kWh  for 
industrial  users  [20]. 

Recently  the  covering  capacity  for  electricity  installations 
network  amounts  the  rate  of  98%  in  which  more  than  80%  is 
being  in  the  north  of  the  country.  Algeria  has  over  225,309  km  of 
power  lines  (Fig.  2),  serving  almost  the  entire  population  with 
plans  to  increase  the  size  of  the  network  by  5%  in  coming  years  in 
order  to  reach  isolated  rural  communities  and  hydrocarbon 
developments  in  the  Sahara  desert  [21,22]. 

To  keep  up  with  electricity  demand  growth,  8-10  GW  of 
new  power  generating  capacity  are  expected  to  be  built  by 
2015,  about  70%  of  which  would  be  built  by  independent 
power  producers  (IPPs). 

The  Algerian  government  is  now  looking  to  reduce  the  econ¬ 
omy’s  dependence  on  the  hydrocarbon  sector,  which  represents 
98%  of  the  country’s  hard  currency  income.  Algeria  is  called  to 
exert  a  great  effort  to  bring  its  economy  out  of  dependence  on  oil 
and  to  diversify  its  resources  in  order  to  avoid  being  hostage  to 
the  fluctuation  of  oil  prices  in  the  international  markets,  said 
President  Abdelaziz  Bouteflika  [23,24].  He  also  stated  that  the 
promotion  of  RE  has  to  be  the  clear  target  for  the  country,  and 
that  environmental  issues  need  to  be  addressed. 


Current  and  future  challenges  to  Algeria  such  as  high  popula¬ 
tion  growth,  rapid  urbanisation,  accelerated  development,  rising 
energy  demand,  water  scarcity,  might  intensify  as  Algeria’s 
population  keeps  increasing  at  1.5-3%  per  year  [25,26]  so  that 
we  are  doubling  our  population  every  40  years  (Fig.  3). 

The  consumption  of  energy  at  the  national  level  is  increasing  year 
after  year  due  to  demographic  and  urban  development,  in  addition  to 
economic  development  in  constant  progression.  In  a  context  of 
economic  recovery,  energy  demand  could  double  by  the  year  2020 
(60  MTOE,  even  70  million  MTOE)  by  increasing  uses  of  energy  and 
economic  activities.  The  energy  consumption  is  likely  to  grow  faster 
than  the  increase  in  the  population.  These  impacts,  requiring  careful 
consideration,  present  major  challenges  in  the  struggle  to  meet 
increasing  electricity  and  domestic  water  demands.  The  National 
Energy  Efficiency  Agency  (NEEA)  and  the  Promotion  and  Rationalisa¬ 
tion  of  Energy  Use  Agency  (APRUE)  expect  energy  consumption  to 
increase  at  an  annual  growth  rate  of  about  3.5%.  The  demand  for 
electricity  will  be  particularly  high  due  to  urbanisation,  an  increasing 
standard  of  living  and  development  of  service  sector. 

The  coupling  of  RE  and  desalination  systems,  for  example,  holds 
great  promise  for  increasing  water  supply  in  the  region  since  the 
rapid  increase  in  water  demand,  the  drought  in  two  decades  in 


Fig.  2.  Algerian  electricity  grid.  Sonelgaz,  2009. 


Fig.  3.  Evolution  of  the  Algerian  population  1980-2008. 
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Algeria,  has  meant  that  the  Algerian  Energy  Company  (AEC)  has 
focused  in  recent  years  on  the  activity  “Desalination  of  sea  water”. 
In  recent  years  it  has  developed  an  ambitious  programme  of  thirteen 
projects  which  two  are  already  in  operation,  with  a  total  capacity  of 
2,260,000  m3/day,  one  of  the  largest  capacities  in  the  world  [27,28], 
Algeria  is  now  undoubtedly  perceived  in  various  aspects  as  front¬ 
runner  in  energy  matter.  The  150  MW  Hassi  R’mel  solar  plant,  an 
important  source  of  experience  in  solar  energy  techniques  by  NEAL 
(New  Energy  of  Algeria),  as  well  as  various  RE  projects  financed  and 
promoted  by  national  and  private  industry  [28,29]  are  one  example 
of  Algeria’s  declared  will  to  invest  and  move  onto  a  more  sustainable 
energy  path.  Algeria  is  putting  into  place  plans  to  increase  renewable 
energy  capacity  over  the  next  20  years  and  set  renewable  energy 
targets  to  be  met  by  2030  that  range  up  to  40%  of  the  total  energy 
mix.  The  targets  could  see  the  region’s  RE  capacity  rise  to  22,000  MW 
to  reflect  its  commitment  to  the  governmental  decree  of  March  2004 
relative  to  the  introduction  of  incentives  for  electricity  production 
from  RE  plants,  including  a  feed-in  tariff  and  the  law  No.  04-09  of 
August  14,  2004  relative  to  the  promotion  of  the  RE  sources  within 
the  framework  of  sustainable  developments  of  the  countiy  [30]. 


3.  Renewable  energies  availability  and  potential  in  Algeria 

Nowadays,  almost  in  every  part  of  the  world,  RE  initiatives  are 
taking  place,  and  to  be  effective,  a  number  of  key  political  actions 


Biomass  &  waste-to-energy  7.9 

Marine  &  small-hydro  |  3.2 
Geothermal  |  2.2 
Efficiency  |  1.8 
Other  low  carbon  tech/services  |  1.5 

Fig.  4.  Global  trends  in  sustainable  energy  investment  2009. 
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are  required;  put  into  practice  the  best  support  schemes,  remove 
barriers  and  enforce  legal  enforceable  mechanisms.  Among  the 
other  impacts  requiring  careful  consideration  are  the  relation¬ 
ships  between  energy  systems  and  social  issues,  political  respon¬ 
sibility,  economic  development  and  environment  protection.  In 
particular,  strategies  should  emerge  from  the  manner  in  which 
energy  can  contribute  to  the  solution  of  social  problems.  Despite 
high  growth  rates,  RE  still  represents  only  a  small  part  of  today’s 
global  energy  picture  (Fig.  4,  total  values  include  estimates  for 
undisclosed  deals)  [31]. 

Algeria  is  currently  adopting  the  four  fuel  diversification 
strategy  energy  mix  implemented  in  the  year  1998  when  govern¬ 
ment  launched  the  Special  Funds  for  Development  of  the  South 
Areas  of  the  Sahara.  This  programme  was  the  first  step  to 
encourage  and  intensify  the  utilisation  of  RE,  mainly  solar,  in 
power  generation.  According  to  this  strategy,  the  energy  mix  in 
Algeria  is  contributed  by  five  main  sources,  namely  natural  gas, 
oil,  hydro,  solar  and  wind  [32].  Algeria  has  strong  potential  for 
solar,  and  the  International  Energy  Agency  estimates  that  the 
country  has  enough  land  with  strong  sunshine  to  produce 
162  TWh  of  electricity  [33], 


3.1.  Solar  energy 

Solar  energy  represents  an  abundant  resource  and  the  most 
promising  source  of  clean,  RE  which  theoretically  could  supply 
the  world’s  energy  demand  and  therefore,  solve  the  world’s 
energy  problems.  The  capture  of  even  1%  of  this  power  would 
supply  more  than  the  world’s  power  needs  [34,35],  The  climatic 
conditions  in  Algeria  are  favourable  for  the  development  of  solar 
energy  due  to  the  abundant  sunshine  throughout  the  year, 
especially  in  the  Sahara  region,  broadly  confirmed  by  the  World 
Energy  Council  (WEC)  [36]  and  shown  in  Fig.  5  and  Table  2 
[37-41  ].  The  region  has  amongst  the  world’s  best  production 
conditions  for  solar  power:  abundant  sunshine,  low  humidity  and 
precipitation,  and  plenty  of  unused  flat  land  close  to  road  net¬ 
works  and  transmission  grids.  Due  to  these  conditions,  the 
potential  for  power  generation  is  enormous  compared  to  regional 
and  global  energy  demands — roughly  10%  of  the  Algerian  Sahara 
desert  could  meet  the  EU  demand  [42]. 

The  insulation  time  over  the  quasi-totality  of  the  national 
territory  exceeds  3000  h  annually  and  may  reach  3900  h  in  high 


KWh/m2 


Fig.  5.  Potential  sites  for  solar  electricity  supply  in  the  North  Africa  region  and  example  of  the  overall  daily  exposure  received  (in  kWh/m2/day)  in  Algeria. 
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Table  2 

Solar  potential  in  Algeria. 


Areas 

Coastal  area 

High  plains 

Sahara 

Total 

Surface  (%) 

4 

10 

86 

100 

Area  (km2) 

95,270 

238,174 

2,048,297 

2,381,741 

Mean  daily  sunshine  duration  (h) 

7.26 

8.22 

9.59 

Average  duration  of  sunshine  (h/year) 

2650 

3000 

3500 

Received  average  energy  (kWh/m2/year) 

1700 

1900 

2650 

Solar  daily  energy  density  (kWh/m2) 

4.66 

5.21 

7.26 

Potential  daily  energy  (TWh) 

443.96 

1240.89 

14,870.63 

16,555.48 

plains  and  Sahara.  With  this  huge  quantity  of  sunshine  per  year, 
Algeria  is  one  of  the  countries  with  the  highest  solar  radiation 
levels  in  the  world.  The  data  presented  by  the  Centre  for  Devel¬ 
opment  of  Renewable  Energies  (CDER)  and  MEM  is  supported  by 
WEC  that  stay  in  the  same  range.  This  solar  potential  exceeds  the 
6  billion  GWh/year.  The  economic  potential  for  solar  energy 
generation  in  Algeria  has  been  assessed  by  the  German  Aerospace 
Centre  (DLR)  and  the  CDER,  mainly  from  satellite  imaging  and 
further  processing.  The  derived  economic  potential  data  are 
gathered  in  the  RE  guide  report  by  the  MEM  [37,43]  and 
estimated  at  169,440  TWh/year  for  thermal  solar  (TS)  and  more 
than  13.9  TWh/year  for  photovoltaic  (PV).  There  is  a  large  differ¬ 
ence  between  thermal  and  PV  solar  economic  potential.  This  is 
somewhat  distorting  because  at  the  time  when  the  assessments 
of  potentials  were  made,  the  cost  difference  and  expected  cost 
differences  in  the  near  future  were  very  large.  However,  this 
situation  has  changed  significantly  during  the  last  three  years  as 
PV  technology  prices  decreased  sharply;  hence,  investment  costs 
for  power  plant  investors  have  decreased.  The  effect  is  an  increase 
in  the  economically  utilisable  potential  on  the  PV  side,  which  will 
lead  to  a  decrease  of  thermal  solar  potential. 

To  reach  recently  set  RE  targets;  the  Algerian  government  is 
investing  large  sums  of  money  in  solar  power.  With  its  close 
proximity  to  Europe  and  the  advent  of  the  40%  of  Algeria’s  power 
coming  from  RE  sources  by  2030,  the  reported  60  projects  for  RE 
pegged  to  take  place  between  now  and  2030,  DESERTEC  Industrial 
Initiative,  Sahara  Solar  Breeder  project  [44],  in  addition  to 
Algeria’s  existing  renewable  plans,  the  future  export  potential  of 
the  region  is  high.  This  will  certainly  make  the  Maghreb  region 
(Morocco,  Algeria  and  Tunisia)  one  of  the  most  attractive  RE 
investment  destinations  in  the  world.  In  addition,  many  compa¬ 
nies  are  setting  up  offices  and  manufacturing  facilities  in  the 
region  and  local  holding  companies  are  moving  into  the  manu¬ 
facture  of  solar  technologies  and  components.  It  is  very  encoura¬ 
ging  to  see  these  emerging  nations  embrace  clean  energy.  Algeria 
will  be  split  almost  50/50  between  traditional  and  renewable 
energy  investment  and  has  announced  an  investment  of  more 
than  $20  billion  in  renewable  electricity  over  the  next  20  years. 

Solar  electricity  devices  are  often  referred  to  as  PV  or  concen¬ 
trating  solar  power  (CSP).  PV  is  considered  as  one  of  the  key 
technologies  that  are  at  the  heart  of  the  energy  technology 
revolution  because  they  can  make  the  largest  contributions  to 
reducing  greenhouse  gas  emissions  [45-49]. 


3.2.3.  PV  Solar  energy 

PV  is  an  elegant  means  of  producing  electricity  on  site,  directly 
from  the  sun  without  concern  for  fuel  supply  or  environmental 
impact.  Solar  power  is  produced  silently  with  minimum  main¬ 
tenance,  no  pollution  and  no  depletion  of  resources.  One  of  the 
strengths  of  PV  is  to  be  found  in  its  decentralised  applications  and 
cutting  out  the  cost  of  transporting  the  energy.  This  is  particularly 
true  for  supplying  isolated  consumers  in  areas  of  low  population 
density,  where  the  demand  consists  essentially  in  satisfying  basic 


energy  requirements  (light,  refrigeration,  pumps,  television  and 
radio).  Other  notable  characteristics  of  PV  are: 

•  modular  design  enabling  it  to  be  extended  according  to  need; 

•  the  possibility  of  developing  small  businesses  in  areas  of  low 
economic  development; 

•  protection  of  the  environment; 

•  limited  capital  assets,  capable  of  being  used  flexibly  and  in  a 
decentralised  way,  and  of  being  moved  about  over  longer 
periods  of  time. 


Solar  PV  energy,  as  exceedingly  versatile  system,  is  being 
developed  in  Algeria  mainly  for  6  applications:  domestic  uses, 
water  pumping,  refrigeration,  village  electrification  in  situations 
where  no  electricity  is  available,  lighting,  and  telecommunication. 
Due  to  the  high  initial  cost  of  PV  system,  Algeria  does  not  have 
any  local  PV  manufacturer.  All  the  PV  modules  are  imported  from 
foreign  countries  like  Germany,  Spain  and  Japan,  hence  causing 
the  cost  of  PV  systems  to  be  very  high.  Algeria  appears  keen  to 
attract  foreign  investment  for  its  renewable  projects,  announcing 
on  February  7,  2011  that  it  has  awarded  German  manufacturer 
Centrotherm  Kinetics  a  €  300  m  (DA,  Algerian  Dinars,  29.8  bn)  to 
construct  an  almost  fully  integrated  solar  module  factory  in 
Algeria.  This  factory  will  impress  by  covering  the  entire  solar 
value  chain,  ranging  from  ingot  production  and  solar  cell  manu¬ 
facturing  through  to  solar  module  end-products,  although  it  will 
not  include  the  production  of  silicon  as  a  raw  material  [50,51]. 
The  high  degree  of  integration  in  the  production  of  solar  wafers, 
cells  and  modules  allows  low  production  costs  to  be  achieved, 
thereby  resulting  in  high-quality  modules  at  competitive  prices. 
The  first  high-performance  modules  should  be  produced  by  2014 
at  the  plant,  which  is  to  be  constructed  at  Rouiba,  30  km  east  of 
the  capital  Algiers.  These  modules  are  primarily  intended  to 
supply  the  domestic  market.  The  largest  solar  module  factory  in 
the  African  continent’s  first  largest  country  will  deliver  an  annual 
production  capacity  of  around  116-120  MWP  and  is  to  be 
constructed  on  a  land  area  of  around  43,000  m2.  The  cost  of  the 
Watt-peak  proposed  by  this  PV  industry  world  leader  is  168.4  DA. 

The  solar  pyramid,  proposed  by  Kurokawa  for  the  desert  of 
Gobi  in  Asia  [52],  shows  in  the  case  of  the  Algerian  Sahara  (Fig.  6) 
[33]  that  with  50%  of  the  space  factor,  10%  of  the  system  energy 
efficiency  and  a  14%  PV  module  coverage,  the  amount  of  solar 
electricity  produced  exceeds  605  x  1018  J/year  (note  that  the 
world  primary  energy  supply  in  2002  was  379  x  1018J/year).  This 
means  that  it  would  be  feasible  to  consider  solar  energy  as  a 
potential  energy  source  for  different  applications  in  the  form  of 
individual  PV  solar  panels  or  systems  [38].  It  is  estimated  that 
there  are  more  than  900  homes  using  PV  system  at  the  moment  in 
eighteen  (18)  villages  of  the  great  south  (provinces  of  Adrar,  Illizi, 
Tindouf  and  Tamanrasset)  [29,43].  This  first  phase  programme  of 
PV  project  was  implemented  under  the  initiatives  of  the  MEM  in 
1998  and  entirely  financed  by  the  Special  Funds  for  Development 
of  the  South  Areas.  This  project  has  given  the  necessary  beginning 
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Fig.  6.  Solar  pyramid:  the  Algerian  desert,  dead  space  can  be  a  treasure  island  of 
energy  used  by  humanity. 


Table  3 

Second  phase  new  installation  projects. 


Province 

Village 

Homes  by  unit 

Distance  from 
the  grid  (km) 

Tamanrasset 

Abdnizi 

3 

270 

Ait  Ouldan 

20 

150 

In  Azarou 

26 

90 

Tigannouine 

70 

70 

Idikel 

25 

50 

Tit  Loukten 

15 

44 

Ilamane 

20 

25 

Tensou 

20 

120 

El-Oued 

El  Ghanemi 

40 

45 

El  Maklia 

60 

40 

M’Sila 

Zbiret 

100 

50 

Illizi 

Ikabren  Tarat 

20 

70 

Arrikine 

25 

140 

Issendiline 

12 

90 

Dider 

20 

50 

Ghardaia 

Hassi  Ghanem 

72 

60 

Total 

548 

for  the  effective  and  efficient  transfer  of  technology  in  the  field  of 
PV  power  generation  in  Algeria. 

The  solar  applications,  by  implanting  PV  power  plants,  are  an 
extension  of  already  existing  diesel  power  stations  in  isolated 
areas  and  are  limited  to  electrification,  pumping,  telecommunica¬ 
tion,  public  lighting  and  small  refrigeration  systems.  Sonelgaz 
have  gone  down  the  solar  route  for  these  18  villages  in  the  rural 
electrification  programme  with  the  aim  of  kick-starting  the  use  of 
renewables  and  particularly  PV  energy  [53]. 

The  rural  electrification  second  phase  project  will  be 
approached  with  the  same  way  as  certain  similar  projects  devel¬ 
oped  in  the  neighbouring  countries.  The  role  of  Sonelgaz  would  be 
in  this  case  a  provision  of  a  financial  engineering  service.  It  is  a 
question,  for  the  populations  non-connected  to  the  network,  of 
being  able  to  profit  from  photovoltaic  systems  of  production  of 
electricity  for  the  domestic  needs  and  the  pumping  of  water.  The 
concerned  new  sixteen  (16)  villages  which  will  benefit  from  these 
new  installations  (starting  2012)  are  illustrated  in  Table  3  [37]. 
The  Algerian  Regulatory  Commission  of  Electricity  and  Gas  (CREG, 
a  filial  of  Sonelgaz)  has  presented  a  short  term  plan  to  tap  its  large 
potential  for  PV.  This  is  included  in  the  electricity  market  and 
security  of  supply  strategy  of  Sonelgaz  with  an  overall  target  to 
generate  at  least  5%  electricity  from  PV  by  2017.  Table  4  provides 
an  overview  of  PV  energy  targets  projects  in  Algeria  up  to  2017 
(by  CREG)  [54], 


Table  4 

PV  realisations  and  perspectives 


Year  2009 

2010 

2011 

2012 

2013 

2014 

2015 

2016 

2017 

Power  in  MWP  0.51 

1.23 

1.65 

2.21 

2.85 

3.21 

3.80 

4.22 

5.22 

Table  5 

List  of  new  CSP  projects  in  pipeline  (proposed  generation  projects  in  the  Algerian 
investment  plan). 


Location 

CSP  capacity 
(MW) 

Total 

capacity 

(MW) 

Est.  cost 
(106USS) 

CTF  contribution 
(106US$)a 

Megahir 

80 

400 

322 

58.4 

Naama 

70 

400 

285 

51.1 

Hassi  R’mel  II 

70 

400 

285 

51.1 

Total 

220 

1200 

892 

160.6 

a  CTF:  Clean  Technology  Fund. 


Cumulative  Investments 


Fig.  7.  Global  investments  in  RE  Technologies  (US$  billion). 


To  meet  this  target,  the  current  promotion  mechanism  for  PV 
source  of  electricity  relies  on  feed-in  tariffs  that  are  set,  in  the 
new  RE  Law,  to  facilitate  expanding  the  deployment  of  this  type  of 
RE. 

This  developing  strategy  has  been  elaborated  to  promote  the 
dissemination  of  RE  on  sites  where  they  are  profitable  compared 
to  classical  energies  and  to  guide  scientific  research  efforts  in 
order  to  allow  generalisation  of  RE  via  mass  production.  The  aims 
to  be  achieved  consist  of  the  contribution  to  a  conservative  policy 
for  hydrocarbons  both  by  increasing  the  RE  share  within  the 
national  energy  balance  and  by  improving  the  living  conditions  of 
isolated  communities.  This  operation  would  allow  on  one  hand  to 
supply  isolated  area  with  electricity  and  on  the  other  hand  to 
collect  information  about: 

•  Equipment  behaviour  in  Saharan  environment. 

•  Matching  the  systems  with  the  electricity  supply. 

•  Maintenance  organisation  and  management. 

•  Technical-economic  system  optimisation. 


3.J.2.  Thermal  solar  energy 

Thermal  solar  energy  applications  are  mainly  oriented  towards 
CSP,  as  a  large-scale,  proven  technology  for  generating  energy 
using  the  power  of  the  sun,  and  domestic  hot  water  systems.  At 
the  global  level,  cumulative  investment  in  CSP  is  still  very  small 
compared  to  investment  in  other  renewable  energy  technologies 
as  shown  in  Fig.  7  [23]. 
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Fig.  8.  (a)  Left:  Electricity  supply  scenario  for  Algeria,  (b)  Right:  HVDC  backbone  grid  integrating  different  type  of  RE. 


The  long-term  goal  of  Algeria’s  RE  achievement  is  to  be  met 
primarily  from  the  CSP  which  would  make  it  among  the  world’s 
most  ambitious  CSP  programmes.  Through  a  March  2004  decree 
and  the  recent  national  programme  to  promote  concrete  actions 
in  the  fields  of  energy  efficiency  and  RE,  the  Government  also 
introduced  incentives  for  electricity  production  from  RE  plants, 
including  a  feed-in  tariff. 

A  first  Integrated  Solar  and  Combined  Cycle  (ISCC)  plant  has 
been  currently  inaugurated  at  Hassi  R’mel.  This  project  will  give 
Algeria  valuable  experience  in  the  development,  construction  and 
operation  of  an  ISCC: 

•  Location :  Hassi  R'mel,  where  Sonatrach  operates  Algeria’s 

largest  gas  field. 

•  Technology:  hybrid  parabolic  trough/gas-fired  combined  cycle. 

•  Capacity :  25  MW  CSP,  150  MW  in  total. 

•  Area:  152  ha. 

•  Cost:  €  315  million. 

•  Commissioning :  August  2010. 

•  EPC  contractor.  Abengoa. 

•  Offtaker:  Sonatrach. 

Three  further  hybrid  units  are  to  be  completed  by  2015,  with 
70-80  MW  CSP  capacity  for  each  one  of  them.  They  will  be  scale- 
ups  of  Hassi  R’mel,  and  are  part  of  the  government’s  plan  to 
develop  renewable  energy  production  and  exports  in  Algeria. 
Table  5  lists  the  new  CSP  proposed  generation  projects  in  the 
Algerian  investment  plan  under  MENA  CSP  scale-up  programme. 

In  October  2009,  the  World  Bank  (WB)  announced  the  Clean 
Technology  Fund  (CTF)  Investment  Plan  that  proposed  co-finan¬ 
cing  of  13  solar  thermal  power  plants  in  selected  five  countries  in 
the  MENA:  Algeria,  Egypt,  Jordan,  Morocco  and  Tunisia,  corre¬ 
sponding  to  an  investment  volume  of  US$5. 5bn.  It  is  envisaged  to 
accelerate  global  deployment  of  CSP  by  investing  in  the  CSP 
expansion  programmes  [23].  The  proposed  CTF  supported  pro¬ 
gramme  will  therefore  almost  triple  global  investment  in  the 
technology. 

With  a  scheduled  accumulated  CSP  capacity  of  220  MW,  the 
three  projects  envisaged  for  Algeria  would  fit  well  into  the 
national  renewable  plan. 

Two  options  are  being  considered  for  the  first  project,  which 
will  be  located  in  Meghair,  in  the  southeast  part  of  Algeria.  Both 
would  include  a  270-280  ha  solar  island  using  parabolic  trough: 

•  Option  i :  power  production  only,  total  capacity  400  MW,  of 

which  70  MW  generated  from  CSP. 


•  Option  2:  integrated  desalination/power  production,  total 
capacity  480  MW,  of  which  80  MW  CSP  (the  plant  would  treat 
local  brackish  water). 

The  plant  would  also  serve  the  domestic  market.  It  could  be 
either  public  or  Public  Private  Partnership  (PPP). 

The  second  and  third  projects  would  be  technically  identical  to 
Meghair  with  option  1 :  pure  ISCC,  total  capacity  400  MW  with 
70  MW  parabolic  trough.  They  would  be  located,  respectively  in 
Naama,  in  southwest  of  Algeria  and  Hassi  R’mel,  adjacent  to  the 
plant  currently  in  operation. 

The  analysis,  by  DLR  and  CDER,  stated  a  theoretical  CSP 
potential  of  around  1 70,000  TWh/yr,  providing  that  the  country 
could  easily  become  self-sufficient  using  RE  only.  The  current 
national  electricity  demand  is  35  TWh/yr  [54].  The  study  also 
drafted  a  roadmap  for  a  supply  situation  until  2050,  where  more 
that  80%  of  Algeria’s  electricity  demand  is  covered  by  RE. 
Fig.  8(a)  shows  that  in  2050,  most  of  the  RE  supply  would  be 
covered  by  CSP  plants  [55,56].  In  the  scenario,  a  total  capacity  of 
30  GW  and  an  annual  production  of  166  TWh  are  featured.  In 
DLR’s  scenario  for  Algeria,  the  electricity  costs  of  CSP  plant  will 
range  at  levels  below  the  8  €cent/l<Wh  [55], 

DLR  also  released  the  so-called  TRANS-CSP  which  investigates 
the  High  Voltage  Direct  Current  (HVDC)  transmission  of  CSP 
generated  electricity  from  MENA  to  Europe  as  depicted  in 
Fig.  8(b)  [56], 

3.2.  Wind  energy 

Wind  energy  is  considered  as  a  green  power  technology  for 
having  minor  impacts  on  the  environment.  Wind  energy  plants 
produce  no  air  pollutants  or  greenhouse  gases.  At  the  end  of  2009, 
worldwide  wind  powered  generators  capacity  was  159.2  GW 

[57] .  All  wind  turbines  installed  worldwide  are  generating 
340  TWh/year,  which  is  about  2%  of  worldwide  electricity  usage. 
Wind  energy  is  the  fastest  growing  energy  source  in  the  world 
and  wind  power  is  one  of  the  most  widely  used  alternative 
sources  of  energy  today  which  doubled  in  the  past  three  years 

[58] , 

The  potential  for  wind  energy  generation  in  Algeria  depends 
on  the  availability  of  the  wind  resource  that  varies  with  location. 
Understanding  the  site-specific  nature  of  wind  is  a  crucial  step  in 
planning  a  wind  energy  project  [59]  and  detailed  knowledge  of 
wind  on-site  is  needed  to  estimate  the  performance  of  a  wind 
energy  project.  The  amount  of  energy  produced  by  a  wind  turbine 
depends  primarily  on  the  speed  of  wind  but  also  on  the  area 
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Fig.  9.  Wind  chart  of  Algeria.  Left:  12  identified  windy  sites.  Right:  topography  of  the  identified  sites. 


2500 
2000 
1500 
1000 
500 
0 

Fig.  10.  Average  power  output  in  the  eight  identified  windy  places. 
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swept  by  the  blades  and  the  air  density.  Therefore,  a  general 
assessment  of  the  wind  energy  potential  nationwide  is  needed. 

National  wind  energy  potential  onshore  is  rated  as  low, 
although  the  Algerian  coastline  measures  1200  km.  However,  in 
the  early  2000s,  CDER  collected  wind  data  from  75  locations 
distributed  all  over  Algeria  for  a  5  year  period  and  the  results 
show  that  climatic  conditions  in  Algeria  are  favourable  for  wind 
energy  utilisation.  The  wind  map  of  Fig.  9,  established  by  the 
CDER  and  MEM  [60,61]  shows  that  50%  of  the  country  surface 
presents  a  considerable  average  speed  of  the  wind. 

There  are  a  number  of  promising  sites  for  wind  power.  They 
are  located  in  the  region  of  Adrar  in  the  south,  Oran  in  the 
northwest,  the  region  extending  from  Meghress  to  Biskra  in  the 
east  and  the  region  extending  from  El  Kheiter  to  Tiaret  in  the 
west.  A  number  of  sites  along  the  coast  have  average  wind  speeds 
above  5.0  m/s,  rising  to  over  8.5  m/s  at  80  m. 

The  map  also  shows  that  the  South-Western  region  experi¬ 
ences  high  wind  speeds  for  a  significant  fraction  of  the  year  as 
seen  in  Fig.  10  showing  the  annual  average  power  output  in  these 
sites  [60,62]. 

This  wind  energy  potential  is  ideal  for  the  water  pumping 
especially  in  the  high  plains.  Apart  from  that,  most  recent 
research  on  potential  wind  energy  in  2010  show  that  applications 
involving  small  wind  machines  could  be  used  to  provide  elec¬ 
tricity  on  the  relatively  undeveloped  regions  of  the  great  south 
which  are  not  connected  to  the  national  grid  [63]. 

The  installation,  by  Sonelgaz,  of  nine  assessment  stations,  in 
different  regions  of  Algeria,  where  a  programme  of  demonstration 
is  planned,  is  seen  as  a  second  step  in  stimulating  much  faster  the 


use  of  the  wind  power.  The  topography  and  terrain  roughness 
(Fig.  9,  right)  of  these  prospective  wind  sites  are  also  measured 
and  quantified  to  better  simulate  and  understand  the  wind  flow 
[64,65],  Offshore  data  are  not  available  yet. 

3.3.  PV  and  wind  installations 

The  MEM  and  Sonelgaz  have  created  several  PV  and  wind 
electric  systems  at  remote  villages  and  places  that  are  too  far 
from  the  main  electricity  grid  to  receive  power  supply.  It  was  a 
good  alternative  source  of  power  for  villages  that  would  other¬ 
wise  have  to  depend  on  diesel  powered  generators. 

There  are  34  approved  applications  of  PV  and  wind  project 
having  a  relatively  small  to  medium  renewable  energy  power  with 
total  2.353  MW  generation  capacity.  These  installed  capacities  were 
mainly  oriented  towards  electrification,  water  pumping,  public 
lighting  and  telecommunication.  Table  6  lists  the  distribution  of 
installed  power  per  applications  and  the  distribution  of  installed 
power  per  resources  [5], 

3.4.  Solar  and  wind  current  and  future  realisations 

From  the  last  decade,  Algeria  has  achieved  relatively  heart¬ 
ening  developments  in  the  field  of  solar  and  wind.  These  are  very 
appropriate  at  small-scale  power  generation  for  remote  area 
applications.  According  to  the  CREG,  a  short-term  strategy  for 
RE  electricity  supply  must  be  geared  to  ensure  the  well-being  of 
its  citizens,  proper  functioning  of  the  economy,  and  uninterrupted 
physical  availability  of  energy  products  on  the  market,  at  a  price 
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which  is  affordable  for  all  consumers  while  respecting  environ¬ 
mental  concerns.  Overall  energy  generation  of  the  increasing 
share  of  solar  and  wind  energy  resources,  up  to  2017,  are  given 
in  Table  7  [54], 

3.5.  Hydroenergy 

Hydropower  is  a  mature  RE  technology  which,  worldwide,  is 
commercially  viable  and  generates  the  second  largest  share  of 
energy  from  renewable  sources.  In  long  term,  hydropower  stores 
large  amounts  of  electricity  at  low  cost  and  can  be  adjusted  to 
meet  consumer  demand  making  important  and  significant  eco¬ 
nomic  contributions  to  human  development.  A  19%  of  the 
electricity  consumed  in  the  world  today  is  generated  by  hydro¬ 
electric  power  stations.  Algeria  has  a  low  hydropower  electricity 
generating  capacity  of  about  269.208  MW  using  13  dams  cur¬ 
rently  in  operation  [5],  The  share  of  these  small-sized  production 
parks  is  about  5%  which  supplements  the  natural  gas  production 
of  electricity.  Such  low  capacity  is  mainly  due  to  the  insufficient 
number  of  hydraulic  sites  and  to  the  non-exploitation  of  existing 
hydraulic  sites. 

3.6.  Geothermic  energy 

The  Jurassic  limestones  of  North  Africa  which  represent 
important  geothermic  reservoirs  are  at  the  origin  of  more  than 
200  hot  springs  mainly  located  in  the  North-East  and  the  North- 
West  regions  of  the  country.  With  a  multitude  of  hot  springs, 
Algeria  has  a  large  potential  for  low-temperature  geothermal 
applications.  More  than  200  geothermal  sources  were  counted 
by  the  CDER  [37]  and  are  recorded  of  which  one-third’s  tempera¬ 
tures  are  superior  to  45  °C.  These  natural  outflows  which  are 
generally  leakages  from  existing  reservoirs  have  a  flow  of  more 
than  2  m3/s  of  hot  water.  This  represents  only  a  very  small  part  of 
the  production  possibilities  of  the  reservoirs. 

Deeper  in  the  South,  the  continental  rock  formation  constitu¬ 
tes  a  great  geothermal  reservoir  extending  over  several  thousand 
km2.  This  reservoir  commonly  called  the  “albian  platform”  is 
exploited  through  drilling,  at  a  flow  rate  of  over  4  m3/s.  This  water 
has  an  average  temperature  of  57  °C  (Fig.  11).  Table  8  shows  the 
different  purposes  of  using  the  hot  water  of  the  albian  aquiferous. 


Table  6 

Distribution  of  installed  power  per  applications  and  per  resources. 


Applications 

Installed 
power  (W) 

Percentage 

% 

PV  resource 
power  (W) 

Wind 

resource 
power  (W) 

Electrification 

1,352,800 

57 

2,279,960 

73,300 

Pumping 

288,400 

13 

97% 

3% 

Public  lighting 

48,430 

2 

Telecommunication 

498,000 

21 

Others 

165,630 

7 

Total 

2,353,260 

100 

The  highest  temperatures  registered  are  98  °C  in  Guelma  and 
1 18  °C  in  Biskra,  situated  in  the  South  East  part  of  the  country.  In 
terms  of  power  production,  the  internal  geothermal  energy  has 
been  estimated,  by  CDER,  to  provide  a  potential  of  bout  700  MW 
(combine  the  exploitation  flow  of  the  albian  platform  with  the 
total  flow  from  the  hot  springs).  However,  these  hot  springs  are 
unfortunately  not  exploited  for  industrial  ends.  Table  9  depicts 
characteristics  of  some  hot  springs  in  the  North  of  Algeria. 

3.7.  Biomass  energy 

The  biomass,  in  Algeria,  is  an  efficient  and  friendly  way  of 
disposing  public  waste  that  is  daily  collected  in  large  quantities  in 
different  cities  of  the  country.  A  very  little  work  has  just  started  to 
make  biomass  usage  cost-effective  energy  source  [66].  At  present, 
forest  reserves  are  estimated  to  be  37,000  ktoe,  which  is  being 
utilised  at  a  10%  recovery  rate.  In  the  North  of  Algeria,  which 


Table  8 

Possibilities  for  using  the  hot  water  of  the  albian  aquiferous. 


Possible  uses  Temperature 

of  water  (  C) 


Refrigeration  (lower  limit)  70 

Breeding  of  aquatic  animals  60 

Mushroom  culture,  greenhouse  heating  by  aerial  pipe  50 

Urban  heating  lower  limits  40 

Fermentation,  greenhouse  heating  30 

by  radiant  mulching 

Fish  breeding  20 


Table  7 

Solar  and  wind  current  and  future  electricity  production  in  MW. 
Source:  CREG. 


Year 

2009 

2010 

2011 

2012 

2013 

2014 

2015 

2016 

2017 

Thermal  solar 

30 

30 

100 

100 

100 

100 

170 

170 

Wind 

10 

10 

20 

20 

40 

60 

80 

Cogeneration 

50 

100 

100 

150 

200 

250 

300 

450 

PV 

0.51 

1.23 

1.65 

2.21 

2.85 

3.21 

3.8 

4.22 

5.22 

Total 

0.51 

81.23 

141.65 

212.21 

272.85 

323.21 

393.8 

543.22 

705.22 
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represents  10%  of  the  area  of  the  country  or  250,000,000  ha, 
forests  cover  1,800,000  ha  and  the  forest  formation  deteriorated 
to  scrub  around  1,900,000  ha.  Maritime  pine  and  eucalyptus, 
cover  only  5%  of  the  Algerian  forest,  are  particularly  suitable 
plants  for  energy  use.  In  addition,  roughly  1 330  ktoe  of  agricul¬ 
tural  and  municipal  residues  are  available  (365  kg  per  Algerian  as 
urban  wastes)  [6,43].  Initial  work  has  already  began  in  the  areas 
of  utilising  biomass  energy  resource  from  municipal  waste  and 
olive  pomace  (skins,  residues  of  the  pulp  and  kernels  fragments) 
being  a  by-product  of  the  olive  oil  extraction  process  [67]. 
However,  this  work  has  not  yet  resulted  in  power  generation 
and  is  rather  in  primary  stages  as  compared  with  the  work  on 
other  renewable  energy  sources  [68].  Moreover,  the  harnessing  of 
organic  wastes,  mainly  animal  wastes,  for  biogas  production 
could  be  considered  as  an  economic  solution.  It  is  decentralised 
and  ecological  since  it  delivers  energy  autonomy,  and  allows 
sustainable  development  of  rural  areas.  Livestock  population  in 
Algeria  is  presented  in  Table  10  [43], 


4.  RE  and  energy  efficiency  programme 

In  view  of  the  increasing  energy  intensity,  the  government  has 
emphasised  energy  efficiency  and  RE  options.  Algeria  has  created 
a  green  momentum  by  launching  an  ambitious  programme  to 
develop  RE  and  promote  energy  efficiency.  This  programme  leans 
on  a  strategy  focussed  on  developing  and  expanding  the  use  of 
inexhaustible  resources,  such  as  solar  energy  in  order  to  diversify 
energy  sources  and  prepares  Algeria  of  tomorrow. 

The  RE  and  energy  efficiency  programme  includes  the  follow¬ 
ing  instruments  [69]: 

•  Capacities  to  install  by  field  of  energy  activity. 

•  Energy  efficiency  programme. 

•  Industrial  capacities  to  build  in  order  to  back  up  the 

programme. 

•  Research  and  development  (R&D). 

•  Incentives  and  regulatory  measures. 

The  programme  provides  for  the  development  by  2020  of 
about  sixty  solar  PV  and  concentrating  solar  power  plants,  wind 
farms  as  well  as  hybrid  power  plants.  The  projects  for  the 
domestic  production  of  electricity  from  renewable  energy  sources 
will  be  carried  out  in  three  phases: 

Table  9 

characteristics  of  some  hot  springs  in  the  North  of  Algeria. 

Spring  and  place  Temperature  (  C)  Flow  rate  (1/s) 


H.  Chellala,  Guelma 

98 

100 

H.  El  Biban,  Setif 

80 

1.2 

H.  Ben  Hachani,  Guelma 

71.7 

0.3 

H.  Essalihine,  Khenchela 

70 

5 

H.  Guerfa,  Sedrata 

68 

100 

H.  Sidi  Ayad,  Ain  timouchent 

68 

1.2 

H.  Regha,  Meliana 

67 

- 

H.  Bouhadjar,  Ain  timouchent 

66.5 

- 

H.  Bouhanifia,  Mascara 

66 

- 

H.  Salhine,  Guelma 

55 

5 

•  The  first  phase,  between  201 1  and  2013,  will  be  devoted  to  the 
achievement  of  pilot  projects  to  test  the  different  available 
technologies. 

•  The  second  phase  (2014-2015)  will  mark  the  beginning  of  the 
deployment  of  the  programme. 

•  The  third  phase,  between  2016  and  2020,  will  be  devoted  to 
the  large-scale  deployment  of  the  programme. 

These  phases  are  a  part  of  Algeria’s  strategy,  which  is  aimed  at 
developing  a  genuine  solar  industry  along  with  a  training  and 
capitalisation  programme  that  will  ultimately  enable  the  use  of 
local  engineering  and  establish  efficient  know-how,  including  in 
the  fields  of  engineering  and  project  management.  The  renewable 
energy  programme  to  meet  domestic  needs  in  electricity  will 
generate  several  thousand  of  direct  and  indirect  jobs. 

It  is  very  important  to  note  that  the  level  of  natural  gas 
volumes,  produced  of  the  domestic  market  would  be  45  billion 
m3  in  2020  and  55  billion  m3  in  2030.  Other  volumes  of  natural 
gas  are  intended  for  export  to  help  finance  national  economy. 
Electricity  consumption  is  expected  to  reach  75-80  TWh  in  2020 
and  130-150  TWh  in  2030.  The  massive  integration  of  RE  sources 
in  the  energy  mix  represents  a  major  challenge  for  preserving 
fossil  resources,  diversifying  electricity  production  systems  and 
contributing  to  sustainable  development. 

4.1.  RE  programme 

Through  combining  initiatives  and  the  acquisition  of  knowledge, 
Algeria  is  engaged  in  a  new  age  of  sustainable  energy  use.  In  its  19- 
year  expansion  plan  for  2011-2030,  the  government  expects  to 
increase  the  country’s  electricity  generating  capacity  by  60%  over 
the  next  decade.  The  programme  also  consists  of  installing  up  to 
22,000  MW  of  power  generating  capacity  from  renewable  sources 
between  2011  and  2030,  of  which  12,000  MW  will  be  intended  to 
meet  the  domestic  electricity  demand  and  10,000  MW  destined  for 
export.  This  last  option  depends  on  the  availability  of  a  demand  that 
is  ensured  on  the  long  term  by  reliable  partners  as  well  as  on 
attractive  external  funding.  The  total  share  of  RE  sources,  which  are 
occupying  increasingly  important  places,  is  expected  to  increase 
annually  to  meet  the  goal  of  40%  of  electricity  production  by  2030 
as  depicted  in  Fig.  12  [69]. 

Solar  energy  is  the  major  focus  of  the  programme  of  which 
solar  power  and  photovoltaic  systems  constitute  an  essential  part. 
It  should  achieve,  by  2030,  more  than  37%  of  national  electricity 
production.  Despite  its  relatively  low  potential,  wind  energy  is 
not  excluded  from  the  programme  as  it  constitutes  the  second 
axis  of  development  with  a  share  in  electricity  production 
expected  to  reach  about  3%  in  2030  [69].  The  share  of  NG  in  the 
production  of  electricity  is  expected  to  drop,  mainly  due  to  the 
participation  of  RE  in  the  total  electricity  production. 

The  country  intends  to  install  some  experimental  size  units  to 
test  the  various  technologies  in  RE  such  as  biomass,  geothermal 
energy  and  desalination  of  brackish  water. 

The  RE  programme,  as  planned  by  MEM,  is  defined  through 
four  different  phases: 

•  Installation  of  a  total  power  capacity  of  110  MW  by  2013. 

•  Installed  power  capacity  to  reach  650  MW  by  2015. 


Table  10 

Livestock  population  in  Algeria. 


Animal 

Sheep 

Cattle 

Goats 

Camels 

Horses 

Mules 

Donkeys 

Total 

Number 

18,200,000 

1,650,000 

3,400,000 

46,000 

154,310 

49,690 

220.000 

23,719,690 
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•  Installed  power  capacity  to  reach  about  2600  MW  by  2020  and 
a  possibility  of  export  of  2000  MW. 

•  An  additional  capacity  of  about  12,000  MW  is  expected  to  be 
installed  by  2030  and  a  possibility  of  export  up  to  10,000  MW. 

The  programme  of  energy  production  is  summarised  and 
depicted  in  Fig.  13  [69]. 

4.1.3.  PV  solar  energy  programme 

The  energy  strategy  of  Algeria  is  based  on  the  acceleration  of 
the  development  of  solar  energy.  The  government  plans  launch¬ 
ing  several  solar  photovoltaic  projects  with  a  total  capacity  of 
800  MWp  by  2020.  Other  projects  with  an  annual  capacity  of 
200  MWp  are  to  be  achieved  over  the  2021-2030  period  [31]. 

PV  industrial  integration  is  expected  to  reach  60%  over  the  period 
2011-2013.  This  ambitious  target  will  be  achieved  through  the 
construction  by  “Rouiba-Eclairage",  a  subsidiary  of  the  Sonelgaz 
Group,  of  a  photovoltaic  module  manufacturing  plant  with  a  capacity 
equivalent  to  120  MWp/per  year,  whose  start  up  is  scheduled  for  late 
2013.The  period  will  also  be  marked  by  the  implementation  of 
measures  to  strengthen  engineering  and  business  development  sup¬ 
port  to  the  photovoltaic  industry  through  a  joint  venture  that  will 
bring  together  various  stakeholders  (Rouiba-Eclairage,  Sonelgaz)  in 
partnership  with  research  centres  (CDER,  the  Electricity  and  Gas 
Research  and  Development  Centre  (CREDEG)  and  the  Silicon  Tech¬ 
nology  Development  Unit  (UDTS))  [69,70].  The  objective  of  the 
Algerian  industry  for  the  2014-2020  period  is  to  achieve  a  capacity 
integration  level  of  80%  by  the  construction  of  a  silicon  manufacturing 
plant.  Moreover,  a  national  subcontracting  network  is  to  be 


Fig.  12.  Contribution  of  RE  for  power  generation. 


established  for  the  manufacturing  of  inverters,  batteries,  transformers, 
cables  and  other  equipment  used  in  the  construction  of  a  PV  power 
plant.  There  are  also  plans  to  develop  a  centre  for  the  approval  of 
products  used  in  the  manufacturing  of  equipment  for  RE  installations. 
Over  the  period  2021-2030,  the  RE  programme  aims  to  reach  a  rate 
of  integration  upper  to  80%.  Therefore,  the  production  capacity  of  the 
PV  modules  should  be  expanded  to  reach  200  MWp/per  year.  This 
period  would  be  marked  by  the  development  of  a  national  subcon¬ 
tracting  network  for  the  manufacturing  of  equipments  necessary  for 
the  construction  of  a  PV  power  plant  and  by  the  total  control  of  the 
activities  of  engineering,  procurement  and  construction  of  power 
plants  and  brackish  water  desalination  units.  There  are  also  plans  for 
the  same  period  to  export  not  only  the  electricity  produced  from  RE 
but  also  the  know-how  and  equipment  used  in  the  generation  of 
electricity  from  these  sources  [69,71]. 


4.1.2.  Thermal  solar  energy  programme 

Algeria  seeks  to  develop  its  solar  potential,  which  is  one  of  the 
most  important  in  the  world,  by  launching  major  projects  in  solar 
thermal.  Pilot  projects  for  the  construction  of  two  solar  power 
plants  with  storage  of  a  total  capacity  of  about  150  MW  each,  will 
be  launched  during  the  2011-2013  period.  These  will  be  in 
addition  to  the  hybrid  power  plant  project  of  Hassi  R’Mel  with  a 
total  power  capacity  of  150  MW,  including  25  MW  in  solar.  Four 
solar  thermal  power  plants  with  a  total  capacity  of  about 
1200  MW  are  to  be  constructed  over  the  period  2016-2020.  The 
2021-2030  plan  to  tap  its  large  solar  potential  is  to  provide  the 
installation  of  an  annual  capacity  of  500  MW  until  2023,  then 
600  MW  per  year  until  2030  [31].  Moreover,  the  2011-2013 
period  will  also  see  the  launching  of  studies  for  the  local 
manufacturing  of  equipment  for  the  solar  thermal  sector.  The 
industrial  integration  rate  is  expected  to  reach  50%  over  the 
2014-2020  period  through  the  implementation  of  four  major 
projects  in  parallel  with  actions  for  engineering  capacity  building 
that  are  [69,72]: 

•  Construction  of  a  mirror  manufacturing  plant. 

•  Construction  of  heat  transfer  fluid  and  energy  storage  equipment 
factories. 

•  Construction  of  a  factory  for  the  manufacture  of  power  block 
equipment. 

•  Development  of  engineering  activities  and  design,  procure¬ 
ment  and  production  capabilities  to  achieve  an  industrial 
integration  capacity  rate  of  at  least  50%. 
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Fig.  13.  Structure  of  the  national  power  generation  in  MW. 
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In  addition,  the  rate  of  integration,  over  the  2021-2030  period, 
should  exceed  80%  through  the  implementation  of  the  following 
projects: 

•  Expansion  of  mirror  production  capacity. 

•  Expansion  of  heat  transfer  fluid  and  energy  storage  equipment 
production  capacity. 

•  Expansion  of  power  block  equipment  production  capacity. 

•  Design,  procurement  and  construction  of  power  plants  by 
own  means. 

4.3.3.  Wind  energy  programme 

Algeria  has  set  a  programme  plans  at  first,  in  the  period  2011- 
2013,  the  installation  of  the  first  wind  farm  of  a  power  of  10  MW 
in  Adrar.  Between  2014  and  2015,  two  wind  farms  with  a  capacity 
of  20  MW  each  are  to  be  developed.  Studies,  by  Sonelgaz,  will  be 
led  to  detect  suitable  sites  to  realise  the  remaining  planned 
projects  during  the  period  2016-2030  for  a  total  goal  power  of 
about  1,700  MW.  Studies  are  to  be  launched  by  2013  with  a  view 
to  implement  wind  energy  industry.  The  objective  for  the  2014- 
2020  period  is  to  attain  an  integration  rate  of  50%.  This  period  will 
be  marked  by  the  following  actions  [69]: 

•  Development  of  a  wind  tower  and  turbine  rotors  production 
plant. 

•  Promotion  of  a  national  subtracting  network  for  the  manufac¬ 
turing  of  the  nacelle  equipment. 

•  Development  of  engineering  activities  and  design,  procure¬ 
ment  and  construction  capabilities  to  enable  Algerian  compa¬ 
nies  to  achieve  an  industrial  integration  capacity  rate  of  at 
least  50%. 

The  rate  of  industrial  integration  is  to  exceed  80%  over  the 
2021-2030  period  with  the  expansion  of  wind  tower  and  turbine 
rotors  production  capacity  and  the  development  of  a  national 
subcontracting  network  for  manufacturing  the  nacelle  equip¬ 
ment.  There  are  also  plans  to  design  and  build  wind  farms,  power 
plants  and  brackish  water  desalination  plants  using  Algeria’s  own 
resources. 

The  RE  related  legislation  has  been  intensified.  The  corner¬ 
stone  of  Algeria’s  legislation  on  electricity  from  renewable 
sources  is  the  law  on  the  utilisation  of  RE  resources  for  the 
purpose  of  generating  electricity,  enacted  in  August  2004.  Also 
relevant  are  several  related  laws  [73].  Together  laws  also  include 
the  following  instruments: 

•  to  guarantee  the  electrical  power  supply  for  all  of  the  inhabi¬ 
tants  of  the  country; 

•  to  foment  conservation  and  efficiency  in  energy  use; 

•  to  respect  the  environment; 

•  to  progress  towards  energy  diversification: 

•  to  improve  regional  infrastructures  related  to  energy  generation, 
transportation,  and  distribution: 

•  to  raise  awareness  in  the  population  regarding  the  use  of  RE 
sources. 

4.2.  Energy  efficiency  programme 

In  2003,  the  public  authorities  adopted  the  national  energy 
efficiency  policy,  hence  ordaining  the  implementation  of  the  law 
of  July  1999  relating  to  energy  efficiency.  The  implementation 
mechanism  for  this  strategy  is  constituted  of  four  instruments 
defined  within  the  framework  of  this  law,  namely  the  National 
Energy  Efficiency  Programme  (NEEP),  the  National  Energy  Effi¬ 
ciency  Fund  (NEEF),  the  Inter-Sector  Energy  Efficiency  Committee 


(ISEEC)  and  the  APRUE,  a  mechanism  to  be  reinforced  by  an 
incentive  price  policy  and  appropriate  regulations.  The  NEEF  was 
created  with  the  objective  of  financing  energy  efficiency  invest¬ 
ments  as  well  as  the  budget  of  the  APRUE  and  the  projects  it 
manages  under  the  PNME. 

APRUE  is  the  central  element  of  the  mechanism  to  implement 
this  strategy.  It  is  also  responsible  for  the  information,  commu¬ 
nication  and  management  training  missions  of  all  the  public 
players  involved  in  energy  efficiency  and  particularly  the  estab¬ 
lishment  of  partnerships  in  order  to  draw  up  together  transversal 
or  sector  action  programmes,  falling  within  the  framework  of  the 
NEEP  and  which  may  potentially  benefit  from  the  financial 
incentives  of  the  NEEF. 


4.2.1.  Energy  efficiency  programme  components 

The  energy  efficiency  programme  is  governed  by  Algeria’s 
aiming  to  promote  a  more  effective  manner  to  use  energy  and 
to  investigate  all  the  ways  to  protect  its  energy  resources  by  an 
efficient  and  optimal  consumption.  To  meet  this  target,  the 
current  energy  efficiency  programme  of  the  MEM  relies  on  the 
following  [31]: 

•  Improving  heat  insulation  of  buildings :  The  construction  sector 
uses  more  than  42%  of  overall  energy  consumption.  Proposed 
measures  to  achieve  energy  efficiency  in  this  sector  include  the 
introduction  of  thermal  insulation  of  buildings,  which  will 
reduce  energy  consumption  related  to  home  heating  and 
cooling  by  about  40%. 

•  Developing  solar  water  heating:  The  penetration  of  solar  water 
heaters  in  Algeria  remains  undeveloped  but  the  potential  is 
significant.  There  are  plans  to  develop  the  solar  water  heating 
system  to  gradually  replace  the  conventional  system.  The 
plans  are  and  included  in  the  ministry  portfolio  and  supported 
by  the  NEEF. 

•  Spreading  the  use  of  low  energy  consumption  lamps:  The  objec¬ 
tive  of  the  action  strategy  is  to  gradually  prohibit  the  market¬ 
ing  of  incandescent  lamps  (conventional  lamps  commonly 
used  by  households)  on  the  domestic  market  to  reach  a  total 
ban  by  2020.  In  parallel,  there  are  plans  to  put  several  million 
low-energy  bulbs  on  the  market.  Furthermore,  local  produc¬ 
tion  of  low  consumption  lamps  will  be  encouraged  in  parti¬ 
cular  through  partnerships  between  local  and  foreign 
producers. 

•  Introducing  energy  performance  in  street  lighting:  Street  lighting 
is  the  most  energy  consuming  sector  in  the  municipalities. 
These  latter’s  officers  are  often  poorly  informed  about  the 
opportunities  for  improving  and  even  reducing  energy  con¬ 
sumption  in  public  lighting.  The  programme  for  energy  effi¬ 
ciency  in  the  municipalities  consists  of  replacing  all  mercury 
(energy  consuming)  lamps  by  sodium  (low  energy)  lamps. 

•  Promoting  energy  efficiency  in  the  industrial  sector:  The  indus¬ 
trial  sector  accounts  for  about  one  fourth  of  the  country’s 
overall  energy  consumption.  For  more  energy  efficiency,  there 
are  plans  for: 

o  cofinancing  energy  audits  and  feasibility  studies  that  will 
enable  companies  to  precisely  define  technical  and  eco¬ 
nomical  solutions  best  suited  for  reducing  energy 
consumption; 

o  cofinancing  additional  costs  linked  to  the  introduction  of 
energy  efficiency  into  technically  and  economically  viable 
projects. 

•  Promoting  Liquefied  Petroleum  Gas  (LPG)  and  NG  fuels:  There  are 
plans  to  increase  by  20%  the  market  share  of  LPG  fuel  in  the 
automobile  fleet  by  2020.This  will  be  accompanied  by  the 
provision  of  direct  financial  assistance  to  individuals  wishing 
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to  convert  their  vehicles  to  LPG  fuel.  As  early  as  the  beginning 
of  the  1990s,  a  research  programme  was  initiated  to  convert 
vehicles  using  diesel  fuel  to  natural  gas  fuel.  Stations  were 
developed  by  Sonelgaz  for  the  distribution  of  this  fuel  to  an 
experimental  fleet.  By  2013,  it  is  planned  to  put  on  in  NG  fuel 
several  tens  of  bus  in  the  city  of  Algiers  and  to  extend  the 
operation  to  the  other  big  cities  of  Algeria,  like  Oran  and 
Constantine,  before  2020. 

•  Developing  solar  cooling  systems:  Solar  energy  for  air  condition¬ 
ing  is  a  technology  that  should  be  promoted  particularly  in  the 
south  of  the  country,  as  far  as  the  needs  for  cooling  mostly 
coincide  with  the  availability  of  solar  radiation  (conversion  of 
sunrays  into  energy).  Moreover,  solar  collectors  may  also  be 
used  for  hot  water  production  and  room  heating  during  the 
cold  season.  The  overall  performance  of  a  solar  cooling  system 
is  therefore  of  a  great  interest.  By  2013,  studies  will  be 
launched  to  acquire  and  harness  solar  cooling  technologies 
and  choose  the  system  best  suited  to  the  Algerian  context.  Two 
pilot  projects  for  air  cooling  using  absorption  and  adsorption 
chillers  will  be  launched  for  the  cooling  of  buildings  in  the 
south  of  the  country. 

•  Promoting  co-generation. 

•  Conversing  simple  cycle  power  plants  to  combined  cycle 
power  plants,  wherever  possible. 

•  Desalinating  brackish  water  using  RE. 

5.  Clean  development  mechanism  in  Algeria 

With  the  expansion  of  the  Energy  and  Mining  sector  and  the 
availability  to  the  population  and  industry  of  energy  products  on 
a  large  scale,  considerable  efforts  are  needed  to  prevent  the 
damaging  of  the  environment  and  the  quality  of  life  in  general. 
In  fact,  the  Energy  and  Mining  sector  attaches  a  great  importance 
to  issues  related  to  the  protection  of  the  environment  and  public 
health.  The  integration  of  these  concerns  in  the  sector  policy  is 
based  on  the  facet  "energy  and  mines  policy”  of  the  governmental 
programme.  This  resulted  in  the  implementation  of  measures 
essentially  linked  to  the  following  objectives  [29]: 

•  the  promotion  and  the  development  of  the  use  of  least 
polluting  fossil  fuels  (NG,  LPG,  unleaded  gasoline): 

•  the  promotion  of  energy  savings; 

•  the  rehabilitation  of  polluted  sites; 

•  the  development  of  renewable  energies; 
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•  the  development  of  the  environmental  management  at  the 
level  of  the  Energy  and  Mining  sector. 


The  sector  of  energy  reforms  in  the  process  of  implementation 
assigns  an  important  place  to  the  environment;  special  provisions 
are  thus  introduced  by  the  new  laws  on  Mining  and  Electricity 
production.  The  carrying  out  of  impact  studies  on  environment; 
the  implementation  of  environment  management  plans  and  the 
auditing  on  the  complexes  with  respect  to  environment  are  made 
obligatory  by  the  sector  and  also  under  its  responsibility. 

The  integration  of  the  environment  protection  and  the  sustain¬ 
able  development  within  the  formulation  of  the  policy,  planning 
and  management  is  imperative  to  the  sector  given  the  necessity 
of  protecting  natural  habitats,  public  health  and  also  the  commit¬ 
ment  of  the  country  relative  to  the  international  legal  instruments 
and  to  different  agreements  and  conventions  entered  into  the 
country. 

The  main  emitters  of  GHG  are  fuel  combustion  in  the  energy 
sector,  in  industry,  and  in  the  transport  sector.  Other  important 
contributors  are  agriculture,  small  combustion,  non-combustion 
emissions  in  industry  and  waste.  The  structure  of  the  Algerian 
primary  energy  supply  is  very  favourable  with  respect  to  GHG 
emissions  which  amount  to  about  84  million  of  tons/year  (2.53 
t/person/year)  as  shown  in  Fig.  14  [74-77], 

Comparing  with  other  countries,  Algeria’s  contribution  to 
global  climate  change  is  very  small  and  up  to  now,  Algeria  meets 
all  the  requirements  of  signed  international  conventions  in  the 
field  of  atmospheric  pollution.  Algeria  is  also  involved  in  the 
carbon  capture  and  storage  (CCS)  technology,  with  one  of  the  very 
few  functioning  projects  in  the  world. 

The  gas  from  the  In  Salah  field  has  a  high  C02  concentra¬ 
tion,  which  needs  to  be  decreased  to  reach  pipeline  specifica¬ 
tions.  After  removal,  instead  of  being  released  into  the 
atmosphere,  the  C02  is  re-injected  into  an  aquifer  that  is  part 
of  the  same  geological  formation  as  the  gas  field.  Today,  the  In 
Salah  Gas  plant  is  in  full  operation.  Produced  C02  from  the 
natural  gas  stream  is  removed  in  the  desert  processing  plant 
and  is  being  sequestered  into  underground  storage  at  an 
injection  rate  of  1.3  million  of  tonnes/year.  Close  monitoring 
for  performance  is  being  made  on  this  large  operation  by 
Sonatrach,  BP  and  Statoil  [78,79].  These  same  firms  are  also 
developing  the  In  Amelias  gas  condensate  field  which  lies 
close  to  the  Libyan  border  [80,81]. 


Fig.  14.  Algerian  C02  energy  related  emission  in  million  of  tons. 
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6.  Conclusion  and  recommendations 

Algeria  energy  sector  is  still  heavily  dependent  on  non-renewable 
fuel  such  as  crude  oil  and  NG  as  a  source  of  energy.  Recently 
increased  environmental  awareness  and  energy  security  interest, 
resulting  from  parliament  and  government  debate  over  after  oil 
period,  have  encouraged  interest  in  the  integration  of  large  scale  RE 
into  the  energy  mix.  RE,  including  wind  power,  solar  technologies 
and  new  forms  of  biomass,  have  been  receiving  government  support 
to  reach  sustainability.  Algeria  has  also  made  substantial  progress  on 
the  regulatory  side  to  promote  RE  production.  The  long  term  plan  to 
tap  its  large  potential  for  renewables  is  included  in  the  RE  and  energy 
efficiency  programme  proposed  by  the  MEM  and  adopted,  on 
February  3,  2011,  by  the  government  headed  by  the  president 
Abdelaziz  Bouteflika  who  stated  that  the  promotion  of  RE  has  to  be 
the  clear  target  for  the  country  and  that  environmental  issues  need 
to  be  addressed.  Algeria  has  ambitious  quantitative  targets  to 
generate  at  least  40%  electricity  from  RE  by  2030,  an  encouraging 
energy  strategy.  Making  solar/  wind  energies  a  complementary 
source  to  hydrocarbons  is  an  intermediate  solution  for  Algeria  before 
the  total  exhaustion  of  conventional  resources.  The  energetic  diver¬ 
sity  is  certainly  the  worldwide  means  to  make  the  best  of  an  energy 
economy  which  is  imposed,  seen  the  situation.  Solar  energy  is  indeed 
a  clear  alternative  to  grid  electrification  in  Algeria,  it  is  only  through 
strong  mechanisms  of  information,  staff  training  and  social  accep¬ 
tance  that  it  can  be  utilised  to  its  full  capacity. 
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